chromatography on silica gel and eluted with hexane (10% acetone) and increasing amount of acetone to 80% acetone. Eight fractions (each 1 l) were collected. These fractions were tested in DPPH radical scavenging assay in vitro as a model for antioxidant activity. The fractions 5 and 6 showed antioxidant activity. A combined fraction of fractions 5 and 6 (8 g) was subjected to column chromatography on Sephadex LH-20 using MeOH to afford two compounds: flavaspidic acid PB (1, 300 mg), and flavaspidic acid AB (2, 150 mg ϩ . DPPH Radical Scavenging Activity DPPH radical scavenging activity was measured according to the procedure described by Takao et al. 9) Ten microliters of each sample, dissolved in DMSO, was prepared in a 96 well plate and then 190 ml of 200 mM ethanolic DPPH solution was added. The mixture was incubated at room temperature for 30 min and the absorbance of the reaction mixture was measured at 517 nm. DPPH radical scavenging activity (%) is expressed as follows:
DPPH radical scavenging activity (%)ϭ(A control ϪA sample )/A control ϫ100
Where, A control is the absorbance of the control and A sample the absorbance of the test.
Superoxide (O 2

؊
) Radical Scavenging Activity Superoxide was generated by xanthine/xanthine oxidase and measured by the nitroblue tetrazolium (NBT) reduction method. 10, 11) Fifty microliters of 4 mM xanthine, 50 ml of 225 mM NBT, 50 ml of 50 mM phosphate buffer (pH 7.8, 1 mM EDTA) and 10 ml of the test compounds were prepared in a 96 well plate, and 40 ml of xanthine oxidase was added to each mixture. The rhizome of Dryopteris crassirhizoma NAKAI exhibited significant antioxidant activity, as assessed by the 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity in vitro. Two phloroglucinol derivatives, flavaspidic acids PB (1) and AB (2), were isolated from the rhizome of D. crassirhizoma by a bioassay-guided fractionation.
1 H-, monitored at 550 nm. Superoxide radical scavenging activity (%) was expressed as the degree of NBT reduction decrease of the test group versus the control group after 3 min.
superoxide radical scavenging activity (%)
Where, A control is the absorbance of the control, in which the sample was not treated, A sample is the absorbance of test sample which the sample was treated, and A blank is the absorbance of blank, to which the sample and the NBT solution were not added. Butylated hydroxy anisole (BHA) and a-tocopherol were used as positive controls.
Preparation of Rat Brain Homogenate
The rat brain homogenate was prepared as previously described method, with some modification.
12) Sprague-Dawley rat brains were removed, washed with ice-cold saline, homogenized in 9 volumes of ice-cold phosphate buffer (pH 7.4) using a glass homogenizer and then centrifuged at 1000 rpm for 10 min. The supernatant was stored at Ϫ70°C until required for the lipid peroxidation determination.
Lipid Peroxidation (LPO) Inhibitory Activity Lipid peroxidation inhibitory activity in rat brain homogenate was evaluated by the thiobarbituric acid (TBA) method with some modification.
13) The reaction mixture was composed of 10 ml of sample (DMSO), 740 ml of 50 mM-phosphate buffer (pH 7.4), 50 ml of rat brain homogenate (10 mg protein/ml) and 200 ml of the free radical generating system: 0.1 mM FeSO 4 · 7H 2 O and 1 mM ascorbic acid. The reaction mixture was incubated at 37°C for 30 min and the reaction was terminated by adding 250 ml of 20% trichloroacetic acid (TCA) and 250 ml of 1% TBA (in 50 mM NaOH). After boiling at 95°C for 5 min, the mixture was centrifuged at 10000 rpm for 10 min. The absorbance of the supernatant was measured at 532 nm. Lipid peroxidation inhibitory activity (%) is expressed as follows: lipid peroxidation inhibitory activity (%)
Where, A control is the absorbance of the control, A sample is the absorbance of the sample and A blank is the absorbance of the blank, to which the sample and the free radical generating system (Fe 2ϩ /ascorbate) were not added.
RESULTS AND DISCUSSION
The EtOAc-soluble fraction of the rhizome from D. crassirhizoma yielded two phloroglucinol derivatives, flavaspidic acid PB (1) and flavaspidic acid AB (2), via bioassay-guided isolation using the DPPH radical scavenging activity as a model for the antioxidant activity (Fig. 1) . The structures of the isolated compounds (1, 2) were identified based on their spectroscopic properties when compared to the structures reported in the literature.
8) The two compounds were tested for their antioxidant activities, such as the DPPH and superoxide tests for their direct free radicals scavenging activities, and the LPO inhibitory activity. Their activities were then compared with those of two food antioxidants (a-tocopherol and BHA). Their antioxidant activities are shown in Table 1 . Compounds 1 and 2 possessed mild inhibitory activity against the DPPH radical scavenging activity with IC 50 values of 71.7 and 76.3 mM, respectively (Table 1 ). In addition, the two compounds also showed mild inhibitory effect on the superoxide radical scavenging assay with IC 50 values of 58.6 and 64.4 mM for compounds 1 and 2. However, both compounds exhibited potent inhibitory activity against the LPO inhibitory assay with IC 50 values of 12.9 and 13.1 mM for compounds 1 and 2. This activity was a similar to a-tocopherol (IC 50 ; 15.6 mM) and BHA (IC 50 ; 10.8 mM), which were used as the positive controls.
This study provides evidence that the two flavaspidic acids possessed interesting antioxidant properties, which was expressed by their inhibitory effect on the Fe 2ϩ -induced LPO assay. It is generally assumed that the ability of phenolic compounds such as flavonoids to chelate Fe 2ϩ in the LPO system is very important for their antioxidant activity. 13) Therefore, an attempt was made to determine the role of Fe 2ϩ chelation in the antioxidant activity of the phloroglucinol derivatives in the LPO assay.
The UV spectra of the two compounds (1, 2) exhibited a diagnostic 50 nm bathochromic shift of band II due to the Bring structure in the presence of FeCl 3 (Fig. 2) . This suggests that a hydroxyl group at C-4Ј and a carbonyl group at C-8Ј of compounds 1 and 2 formed a chelate bridge with FeCl 3 . Rezk et al. reported the effect of an intramolecular hydrogen bridge on LPO inhibition for 2,4,6-trihydroxyacetophenone, phloretin, and phloroglucinol. 14) In accordance with our findings, they reported that the hydrogen bond in 2,4,6-trihydroxyacetophenone (IC 50 ; 106 mM) and phloretin (IC 50 ; 24 mM) is important for the potent LPO inhibitory activity. However, phloroglucinol (IC 50 ; 624 mM), which do not form an intramolecular hydrogen bond, had a low LPO inhibitory activity. These results show that the potent activity of flavaspidic acids (1, 2) in LPO inhibition might be due to the possible stabilization resulting from chelation with iron. The potential of using phloroglucinols as natural antioxidants has attracted more attention due to their ubiquitous occurrence in nature.
